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Introduction
Acute heart failure (AHF) is a major public health concern because of its increasing prevalence and associated high morbidity, mortality and costs. 1 ---5 Despite being one of the most frequent reasons for hospitalization in western countries, it has received much less attention than chronic heart failure (CHF), and large-scale studies specifically addressing AHF are relatively scarce. 6, 7 AHF is associated with a high rate of rehospitalization but little is known regarding the most relevant predictive factors. It is therefore important to develop appropriate predictive models that might help to appropriately stratify AHF patients and improve their management and follow-up. 8 Moreover, although several studies have been conducted in Europe and the USA on the clinical characteristics, treatment and outcome of AHF patients, little information is available on this subject in Portugal. 9 In the present study we describe the clinical characteristics, hospital management and outcomes of AHF patients admitted to a Portuguese cardiology department, and present a predictive model for readmission or death at 12 months in this population.
Objectives
The primary objective of this study was to describe the clinical characteristics, hospital management and outcomes of patients hospitalized with AHF.
The secondary objectives were:
• to compare patients with AHF and acute coronary syndrome (ACS) as the precipitating factor vs. patients with AHF and no ACS;
• to compare drug prescriptions on admission and at discharge;
• to identify factors associated with longer hospital length of stay (LOS);
• to identify risk factors for heart failure (HF) rehospitalization or death.
Methods
Study description
This was a hospital-based observational retrospective cohort study, conducted at the Cardiology Department of Hospital de S. João, Porto, Portugal. Demographic, clinical and follow-up data were collected between February 1, 2011 and December 31, 2011, ensuring a minimum follow-up of one year for all patients.
Inclusion criteria
All patients admitted to the cardiology department between January 1 and December 31, 2010 were screened. Paperbased and computerized clinical records on the 924 patients admitted during the study period were retrieved and analyzed by one investigator in order to find eligible patients who met one of the following inclusion criteria:
• Primary diagnosis of AHF according to ESC criteria 3 ;
• AHF secondary to another acute cardiac event 3 ;
• Acute myocardial infarction classified as Killip II---IV.
Exclusion criteria
Scheduled hospitalizations or hospitalizations in the context of cardiac surgery were considered exclusion criteria. In order to avoid duplicate records, readmissions to the hospital during the study period were not counted as new cases.
Data collection
Data on patient demographics, cardiovascular risk factors, comorbidities and history of cardiac disease or HF, and results of ECG, hemodynamic, echocardiographic examinations and laboratory tests were collected, as well as on the etiology and the possible precipitating factors of AHF, drug prescriptions before and following admission, concomitant medication and the main diagnostic or therapeutic procedures performed during hospitalization. The hospital LOS of patients was also recorded; in cases of patients transferred to another hospital or to another ward, it was recorded at the time of transfer. Data regarding death or rehospitalization were obtained from the patient's electronic record and did not include admissions to another hospital or death not recorded in the hospital's administrative or clinical database. For all living patients, the follow-up period ended on December 31, 2011.
Data analysis
Categorical variables were presented as counts and percentages, and quantitative variables as means and standard deviation (SD) or medians and 25th percentile---75th percentile (p25---p75) as appropriate, depending on the empirical distribution of the variables.
Subgroups of patients were compared using the chisquare test or Fisher's exact test for categorical variables and the t test and Mann---Whitney rank-sum test for symmetrical and asymmetrical quantitative variables, respectively. The normality of the distribution of quantitative variables was assessed by the Kolmogorov---Smirnov test.
Simple and multiple linear regression models were used to analyze the variable LOS, which was logarithmically transformed in order to normalize its initially asymmetrical distribution. Survival analysis was used to analyze determinants of rehospitalization or death. For graphs of survival probability, the crude effect of each variable was tested with the log-rank test and multivariate analysis was performed using the Cox regression model. In the final analysis, all variables were taken into account to obtain a fully adjusted model. For each variable the assumption of proportional hazards was tested.
In univariate and multivariate regression analysis, the dependent variables were LOS and an adverse event, defined as HF rehospitalization or death during the follow-up period. The independent variables were age, gender, ischemic etiology, type (new-onset vs. decompensated chronic HF), history of HF hospitalization in the previous 12 months, obesity, diabetes, intensive cardiac care unit (ICCU) admission, LOS and the following admission findings: systolic blood pressure <100 mmHg, heart rate <70 bpm, serum sodium <135 mmol/l, serum potassium >4.3 mmol/l, creatinine clearance <30 ml/min, anemia (hemoglobin lower than 130 g/l in men and 120 g/dl in women), serum B-type natriuretic peptide (BNP) >500 pg/ml, atrial fibrillation (AF), and left ventricular ejection fraction (LVEF) <50%. In the independent variables, the variable etiology was included instead of ACS as precipitating factor, since there was a close association between the two variables but etiology was considered more informative.
All tests were two-sided and p values less than 0.05 were considered as indicating significant differences. The analysis was performed using SPSS 18.0 for Windows statistical software.
Ethics
The study was carried out according to the principles of the Declaration of Helsinki and was approved by the hospital's ethics committee. p value for difference between patients presenting with or without ACS. Anemia defined as serum hemoglobin on admission <130 g/l for men and 120 g/l for women; all other comorbidities as reported. ACS: acute coronary syndrome; AHF: acute heart failure; CDHF: chronic decompensated heart failure; HF: heart failure; ICD: implantable cardioverter/defibrillator; SD: standard deviation.
Results
Baseline characteristics
Of a total of 924 patients admitted to the cardiology department over a period of one year, 201 (21%) presenting with AHF were enrolled. Patients' baseline characteristics are summarized in Tables 1 and 2 . New-onset AHF occurred in more than 50% of cases. Hypertension and coronary heart disease (CHD) were the most prevalent underlying diseases, but all the cardiovascular risk factors were relatively frequent. The most common precipitating factor was ACS (63.3% of patients), followed by arrhythmia (14.4% of patients). The most frequent clinical presentation by far was HF in the context of ACS, followed by chronic decompensated heart failure (CDHF) and pulmonary edema. Interestingly, pulmonary edema was approximately twice as common in patients presenting with ACS than in those with no ACS, while CDHF was approximately three times more frequent in those without ACS than in those with. The majority of patients had reduced LVEF on admission.
Patients presenting with ACS were significantly younger, more often women and less likely to have a history of HF; they more often had chronic hypertension and CHD. On the other hand, patients without ACS more frequently had valvular disease and dilated cardiomyopathy, left 
Hospital course and management
Echocardiographic examination and BNP measurement were performed in most patients and the majority were admitted to the ICCU and underwent coronary angiography. Overall use of in-hospital resources was similar in both ACS and non-ACS groups (Table 3) , although a higher proportion of ACS patients were admitted to the ICCU. Non-invasive ventilation, intravenous nitrates and diuretics were the basis of therapy and the first two were more often used in ACS patients.
Discharge characteristics
Comparing admission with discharge, we observed a significant drop in body weight (median −3 kg [p25---p75: −6---0]; p<0.001), systolic blood pressure (mean −17.1 mmHg; SD 29.7; p<0.001), heart rate (mean −18.7 bpm; SD 32.4; p<0.001) and BNP (median −203.5 pg/dl [p25---p75:
−850.5---74.9]; p<0.001). There was no improvement in creatinine clearance, serum sodium and potassium, or serum hemoglobin. The rate of prescription of all cardiovascular drugs increased from admission to discharge, apart from digoxin and calcium channel blockers (Figure 1 ).
Hospital stay and follow-up
Total LOS was similar in the two groups (median 11 days). In-hospital mortality was 5.5% and was not significantly different between the two groups. The rate of rehospitalization for HF was 20.9% and 23.9% at six and 12 months, respectively. Most readmissions occurred within six weeks after the index event. All-cause mortality was 10.9% and 15.9% at six and 12 months, respectively. The variables independently associated with a longer LOS were history of HF hospitalization in the previous year (p=0.040), BNP >500 pg/ml (p<0.001) on admission and ICCU admission (p=0.002) ( 
Discussion
Hospitalizations due to AHF are associated with high mortality and readmission rates, and represent about 70% of all costs associated with HF. 10, 11 They typically occur in internal medicine or cardiology departments and thus most studies include a mixed population from both provenances.
Clinical information provided by hospital-based studies is crucial to our understanding of the contemporary clinical characteristics of AHF, including key prognostic factors and details regarding clinical presentation and medical therapy. We therefore conducted a hospital-based observational retrospective study in order to identify the particular characteristics of AHF patients admitted exclusively to a cardiology department.
Demographics, underlying diseases, type of onset, precipitating factors and clinical presentation of acute heart failure
In our study, the mean age and gender distribution of patients were similar to those of previous AHF registries in Europe and elsewhere 7, 12 and in the USA. 13 However, our patients were younger and more often male than those included in an earlier Portuguese study performed in internal medicine wards. 9 Unlike in many previous reports, the majority of our patients had reduced LV function, which was perhaps a consequence of the high prevalence of ACS in our population. Interestingly, a recent Italian study 14 also showed that patients admitted to cardiology departments were younger, more often male and more likely to have reduced LVEF than patients in internal medicine wards, which is in agreement with our findings but not with the aforementioned Portuguese study. 9 Cardiovascular disease was common among our patients, most frequently CHD and hypertension, as observed in previous international surveys. 7, 12, 13 Conventional cardiovascular risk factors, such as obesity, diabetes and dyslipidemia, were also very frequent. The prevalence of noncardiovascular comorbidities was similar to that observed in previous surveys 12, 13 . Chronic pulmonary diseases, anemia and kidney disease were common, with mean creatinine clearance compatible with grade 3 renal failure. This was similar to that observed in ADHERE, 13 highlighting the importance of heart-kidney interaction in AHF.
Most patients had new-onset HF, particularly those with an ACS as precipitating factor. The prevalence of new-onset AHF was much higher than in EHFSII 12 and ALARM-HF. 7, 13 ACS was the precipitating factor in nearly two-thirds of patients. This was almost twice the figure observed in reports 7, 12 that included patients of mixed provenance (from internal medicine and cardiology departments). Arrhythmias were the second most frequent precipitating factor and were more common in the non-ACS group. They were mostly of supraventricular origin, which is in line with previous reports of the high frequency of AF among AHF patients.
As in EHFSII 12 and ALARM-HF, 7 two of the most common clinical presentations of AHF in our population were CDHF and pulmonary edema.
Diagnostic investigations and treatment
ECG, BNP measurement and echocardiographic examination were performed in nearly all patients on admission or within the first days of hospitalization, showing good adherence to the European Society of Cardiology (ESC) HF guidelines. 3 The high prevalence of ACS explains why coronary angiography was performed in more than two-thirds of our patients and why a considerably higher percentage of them were admitted to the ICCU, compared to EHFSII. 12 As previously reported by others, 7,12,13 ventilatory support and intravenous diuretic therapy played a central role in acute management. Non-invasive ventilation was used in the majority of patients. The frequency of administration of intravenous nitrates was similar to that in previous surveys, 7, 12, 13 while the use of inotropes was nearly half. Approximately one-third of the patients presented with ST-segment elevation myocardial infarction and underwent percutaneous coronary intervention. This was considerably more frequent than in ADHERE 13 and EHFSII. 12 The observed decrease in body weight, heart rate and BNP at discharge reflected clinical improvement with therapy. Interestingly, blood pressure fell, but no improvement in serum creatinine value was observed, which demonstrates the limitations of current therapeutic options regarding renal function.
The prescription of drugs recommended for HF, CHD and hypertension increased significantly from admission to discharge. However, the proportion of patients taking angiotensin converting-enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) was lower than in EHFSII 12 ; a possible explanation for this may be the proportion of our patients (26.8%) with HF and preserved LVEF, for which these drugs are not formally indicated. By contrast, the levels of prescription of beta-blockers, statins, aspirin, clopidogrel and nitrates at discharge exceeded that of EHFSII, 12 possibly because ACS was more frequent in our study than in that survey and these drugs are recommended for secondary prophylaxis of ACS.
Length of stay, outcomes and follow-up of acute heart failure patients (Table 4) The overall LOS was 11 days, two days longer than in EHFSII 12 and ALARM-HF 7 and almost three times that reported in ADHERE. 13 The median ICCU stay was six days, twice that reported in EHFSII 12 and ALARM-HF. 7 However, in our case, in-hospital mortality was 5.5%, which was lower than in EHFSII 12 (6.6%) and ALARM-HF 7 (12%). The large-scale US surveys ADHERE 13 and OPTIMIZE-HF 15 reported in-hospital mortality of nearly 4%, which is even lower than ours. Nonetheless, this low in-hospital mortality, which may in part have been a consequence of the very short LOS, was counterbalanced by higher readmission rate and longterm mortality (for instance, OPTIMIZE-HF 15 showed 90-day rehospitalization rates and mortality of 30% and 35%, respectively). It is possible that longer hospital stay could enable better patient stabilization, reducing long-term morbidity and mortality.
Our results reinforce the notion that AHF hospitalizations are associated with poor prognosis, with more than one-third of patients dying or being rehospitalized over the subsequent year.
Our patients with new-onset AHF had a more severe clinical presentation, which is consistent with ALARM-HF. 7 However, in the long run patients with CDHF had a higher risk of rehospitalization or death.
The probability of being rehospitalized was highest during the first weeks after discharge from the index event, which attests the need of an early medical appointment after discharge, preferably in the setting of a particular HF management program. 
Predictive factors of longer hospitalization and adverse outcome
The predictive factors for rehospitalization after an AHF event are largely unexplored in the literature. 16 In our study a baseline BNP value higher than 500 pg/ml was the most important factor associated with longer LOS, followed by admission to the ICCU, both indicating a more severe initial clinical picture. History of HF hospitalizations in the previous year, a recognized marker of bad prognosis, 3 was also associated with longer hospital stay and with a threefold increase in the risk of dying or being rehospitalized during the year after discharge. AF also showed a significant association with increased risk of rehospitalization or death, which is in keeping with literature on CHF. 3,17---21 Other variable also independently associated with a poor long-term outcome was serum sodium <135 mmol/l on admission, while reduced LVEF was associated with better prognosis. Together they can help to select high-risk patients for inclusion in specific HF clinic. This is important, since these management programs can reduce rehospitalizations and mortality, are cost-effective and in the ESC guidelines have class I recommendation, level of evidence A, for recently hospitalized HF patients. 3 However, in many countries, due to financial constraints and insufficient manpower, it is not possible to admit all hospitalized HF patients to an HF management program. Thus, identifying predictors of increased vulnerability can help to select patients most in need of these programs.
Patients with vs. without acute coronary syndrome as the precipitating factor
Patients with an ACS typically presented left atrial dilatation, preserved left ventricular dimensions and reduced LVEF on admission. Left atrial dilatation was possibly a consequence of history of hypertension observed in more than 70% of patients. On the contrary, in the early days of newonset AHF due to an ACS, the left ventricle would not have had sufficient time to undergo eccentric remodeling.
Patients with ACS had more frequent and longer ICCU admissions and were more often treated with non-invasive ventilation and intra-aortic balloon pump than those without ACS. This suggests they have a worse initial clinical course. Nonetheless, there was no difference between groups in total hospital LOS, readmission rate, in-hospital mortality or mortality at six or 12 months.
Study limitations
An inherent limitation of this study derives from its retrospective nature. An additional drawback is the possibility that death or rehospitalization occurring out of our institution during follow-up were not reported. This could partly explain the observed low long-term rehospitalization and death rates. However, the consistency in the referral of patients indicates that this was probably not a major problem, and moreover cannot explain the low rates of inhospital mortality also found in our study.
Conclusion
Patients admitted to our cardiology department with AHF more typically presented new-onset AHF, in the context of an ACS, causing deterioration in LV systolic function. They had longer LOS but lower 12-month readmission rate and mortality than reported in US and European studies. Independent predictors of rehospitalization or death were HF hospitalization during the previous year, serum sodium <135 mmol/l on admission and AF. Reduced LVEF was associated with a decreased risk of rehospitalization or death.
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